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It  is  important  for  forensic  pathologists  to  determine  the  diagnosis  of  drowning  as  well  as  the  site  of 
drowning.  In  a  previous  study,  we  propose  that  analysis  of  electrolytes  in  pleural  effusion  from  rats 
may  be  useful  for  determining  whether  drowning  has  occurred  in  seawater  or  freshwater.  To  test  this 
proposal,  we  measured  the  concentration  of  sodium,  potassium  and  chloride  ions  and  total  protein  in 
pleural  effusion  from  40  autopsy  cases:  24  involving  seawater  drowning,  9  freshwater  drowning  and  7 
no  drowning.  The  concentrations  of  sodium  and  chloride  ions  in  pleural  effusion  showed  a  significant  dif¬ 
ference  between  seawater  drowning  and  freshwater  drowning.  The  concentration  of  potassium  ions  and 
total  protein  showed  no  difference  between  each  group,  although  they  increased  in  proportion  to  the 
postmortem  interval  in  cases  of  both  seawater  and  freshwater  drowning.  These  results  are  almost  same 
as  our  previous  study  and,  thus,  the  quantitative  analysis  of  electrolytes  in  pleural  effusion  may  be  useful 
for  determining  whether  drowning  has  occurred  in  seawater  or  freshwater. 

©  2008  Elsevier  Ltd  and  Faculty  of  Forensic  and  Legal  Medicine.  All  rights  reserved. 


1.  Introduction 

Drowning  is  one  of  the  most  frequent  causes  of  accidental  death 
in  the  world,  especially  in  children.1  It  is  important  for  forensic 
pathologists  to  determine  the  cause  of  death  when  victims  are 
recovered  from  water.2  If  the  cause  of  death  is  determined  as 
drowning,  it  is  also  important  to  specify  where  the  body  had 
drowned.  To  obtain  clues  about  the  site  of  drowning,  many  exam¬ 
inations  have  been  carried  out,  such  as  diatom  analysis,  blood  fluo¬ 
ride  concentration  and  the  use  of  immunohistochemical  and 
molecular  biological  techniques.3-6  The  methodologies  used  in 
these  studies  are  useful,  however,  these  require  special  techniques 
or  instruments. 

It  is  well  known  that  pleural  effusion  is  often  present  within  the 
thoracic  cavities  of  a  drowned  body.2  According  to  some  investiga¬ 
tors,  pleural  effusion  more  likely  occurs  if  the  individual  has 
drowned  in  seawater  rather  than  in  freshwater5,7,8  and,  thus,  a 
comparison  of  the  amount  of  pleural  fluid  might  be  used  to  deter¬ 
mine  the  site  of  drowning. 
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Instead  of  the  volume  of  pleural  effusion,  we  focused  on  the  dif¬ 
ference  in  the  character  of  the  pleural  effusion  between  seawater 
drowning  and  freshwater  drowning,  and  found  that  the  concentra¬ 
tion  of  electrolytes  in  pleural  effusion  correlated  with  that  in  the 
drowning  medium  in  rat  experiments.  Also,  we  proposed  the  use¬ 
fulness  of  analyzing  electrolytes  in  pleural  effusion  to  determine 
the  site  of  drowning.9 

The  purpose  of  this  prospective  study  is  to  examine  the  useful¬ 
ness  of  our  simple  approach  by  analyzing  concentrations  of  elec¬ 
trolytes  in  pleural  effusion  in  our  autopsy  cases. 

2.  Subjects  and  methods 

2.2.  Samples 

Cases  of  cadavers  with  over  20  ml  pleural  effusion  in  the  tho¬ 
racic  cavity  were  selected  together  with  information  on  the  age, 
sex,  cause  of  death,  postmortem  interval  and  autopsy  findings  from 
the  forensic  autopsies  performed  at  Kyushu  University  between 
2003  and  2007.  Of  the  44  forensic  autopsy  cases  with  over  20  ml 
pleural  effusion,  37  cases  were  diagnosed  as  drowning  after  careful 
consideration  involving  several  findings,  such  as  detection  of  dia¬ 
toms,  pulmonary  emphysema  and  edema,  Paltauf  s  spots  and  froth 
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in  the  air  passage.  The  sites  of  drowning  and  postmortem  intervals 
were  determined  after  careful  examination  of  each  cases  and  the 
time  and  places  where  the  victims  had  disappeared  and  were  dis¬ 
covered.  Of  the  37  drowning  cases,  two  cases  were  excluded  since 
the  postmortem  interval  was  thought  to  be  about  40  days  and  3 
months,  and  one  case  was  excluded  since  the  victim  had  survived 
after  drowning  in  a  bathtub  and  was  treated  in  hospital  for  about  2 
days.  Another  case  where  the  victim  was  thrown  into  the  sea  while 
still  alive  after  having  been  drowned  in  a  bathtub  was  also  ex¬ 
cluded.  Therefore,  the  40  autopsy  cases  selected  in  this  study  were 
divided  into  3  groups:  24  seawater  drowning,  9  freshwater  drown¬ 
ing,  and  7  no  drowning.  Of  the  33  drowning  cases,  five  cases  were 
unidentified  bodies.  We  estimated  the  age  and  the  postmortem 
interval  of  all  five  cases  by  full  autopsy  examinations  and  complete 
police  investigations.  The  postmortem  intervals  of  all  40  cases 
were  under  3  weeks. 

Pleural  effusion  was  gathered  from  the  bilateral  thoracic  cavities 
of  each  cadaver.  The  concentrations  of  sodium,  potassium  and  chlo¬ 
ride  ions  were  measured  using  an  ion-selective  electrode  and  the 
concentration  of  total  protein  was  measured  using  Biuret’s  method. 


2.2.  Statistical  analyses 

All  statistical  analyses  were  performed  using  JMP®version  6, 
Japanese  Edition  (SAS  Institute,  INC.,  Cary,  NC,  USA).  The  difference 
between  the  above  three  groups  was  calculated  by  Tukey-Kra- 
mer’s  procedure  as  a  post-hoc  test.  Linear  regression  analysis 
was  carried  out  in  three  drowning  groups  (24  seawater  drowning, 
9  freshwater  drowning,  and  33  total  drowning)  to  determine  the 
relationship  between  the  concentration  of  electrolytes  or  total  pro¬ 
tein  in  pleural  effusion  and  the  postmortem  interval.  A  P-value  of 
less  than  0.05  was  considered  statistically  significant. 

3.  Results 

3.1.  Electrolyte  analysis  of  pleural  effusion 

Table  1  shows  the  concentrations  of  electrolytes  and  total  pro¬ 
tein  in  pleural  effusion,  and  the  postmortem  interval  in  33  drown¬ 
ing  cases.  Table  2  shows  the  concentrations  of  electrolytes  and 
total  protein  in  pleural  effusion,  the  postmortem  interval  and  cause 


Table  1 

Concentrations  of  electrolytes  in  pleural  effusion  from  autopsy  cases  of  individuals  who  had  drowned. 


Un:  unknown  (estimated  age),  M:  male,  F:  female,  n.a.:  not  analyzed. 


Table  2 

Concentrations  of  electrolytes  in  pleural  effusion  and  causes  of  death  of  autopsy  cases 

of  individuals  who  had  not  drowned. 

Case  no. 

Age 

Sex 

Na+  (mEq/1) 

K+  (mEq/1) 

Cl  (mEq/1) 

TP  (g/dl) 

Postmortem  interval  (days) 

Cause  of  death 

34 

19 

F 

92 

62.6 

70 

n.a. 

4.5 

Phenobarbital  intoxication 

35 

59 

M 

130 

17.5 

110 

3 

0.4 

Hypoxic  ischemic  encephalopathy 

36 

47 

M 

165.5 

17 

124 

1.95 

0.1 

Alcoholic  myocardiopathy 

37 

41 

M 

88 

72.5 

71 

8.2 

8 

Intracranial  injury 

38 

85 

F 

141 

12.9 

109 

4.7 

0.7 

Paralytic  ileus 

39 

55 

F 

133 

11.1 

106 

2 

0.66 

Bronchopneumonia 

40 

78 

M 

132.5 

24.75 

107.5 

2.6 

3 

Lobar  pneumonia 

M:  male,  F:  female. 
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Table  3 

Concentrations  of  electrolytes  in  pleural  effusion  in  the  three  groups. 


Na\  sodium  ions;  K+,  potassium  ions,  Cl  ,  chloride  ions;  TP,  total  protein  (n  =  20  in  seawater  drowning,  n  =  6  in  no  drowning),  age  (n  =  19  in  seawater  drowning).  Values  are 
means  ±  SD.  Significantly  different  from  seawater. 

*  P  <  0.05. 


of  death  in  seven  cases  not  involving  drowning.  Significant  differ¬ 
ences  were  observed  in  the  concentration  of  sodium  and  chloride 
ions  in  pleural  effusion  between  seawater  and  the  other  two 
groups,  freshwater  and  no  drowning.  The  concentration  of  potas¬ 
sium  ions  and  total  protein  in  pleural  effusion  showed  no  signifi¬ 
cant  differences  between  these  three  groups  (Table  3). 

3.2.  Relationship  between  the  postmortem  interval  and  concentration 
of  electrolytes  in  pleural  effusion 

The  concentration  of  sodium  and  chloride  ions  in  pleural  effu¬ 
sion  did  not  correlate  with  the  postmortem  interval  in  any  of  the 
seawater  (Na+:  adjusted  ft-square  =  -0.0301,  Cl-:  adjusted  R- 
square  =  0.0175),  freshwater  (Na+:  adjusted  ft-square  =  -0.1398, 
Cl-:  adjusted  ft-square  =  0.1392),  and  total  drowning  groups 
(Na+:  adjusted  ft-square  =  0.0198,  Cl-:  adjusted  ft-square  =  0.0731) 
(Figl). 

The  concentration  of  potassium  ions  and  total  protein  in  pleural 
effusion  significantly  increased  in  proportion  to  the  postmortem 
interval  in  all  3  groups  except  for  the  concentration  of  potassium 
ions  in  pleural  effusion  in  the  freshwater  group  (seawater  I<+:  ad¬ 
justed  ft-square  =  0.4531,  seawater  TP:  adjusted  ft-square  =  0.3549, 
freshwater  I<+:  adjusted  ft-square  =  -0.0072,  freshwater  TP:  ad¬ 
justed  ft-square  =  0.5752,  total  drowning  K+:  adjusted  R- 
square  =  0.2893,  total  drowning  TP:  adjusted  ft-square  =  0.2717) 
(Fig.  2a  and  b). 

4.  Discussion 

In  our  previous  study  using  rats  we  described  that  the  concen¬ 
tration  of  electrolytes  in  pleural  effusion  was  correlated  with  the 
concentration  of  electrolytes  in  the  drowning  water  and  with  the 
duration  of  the  postmortem  interval.9 
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Fig.  1.  Concentrations  of  sodium  ions  of  drowning  cases. 


In  this  prospective  study  of  our  autopsy  cases,  the  average  con¬ 
centration  of  sodium  and  chloride  ions  in  pleural  effusion  in  sea¬ 
water  drowning  was  significantly  higher  than  that  in  freshwater 
drowning  (Table  3).  As  shown  in  Table  1,  the  concentrations  of 
sodium  and  chloride  ions  in  pleural  effusion  in  all  freshwater 
drowning  cases  were  less  than  100  mEq/l.  In  contrast  to  this,  the 
concentrations  of  sodium  and  chloride  ions  in  all  seawater  drown- 


(mEq/l) 


(g/di) 


Fig.  2.  Regression  lines  of  potassium  ions  (a)  and  total  protein  (b)  of  drowning 
cases.  Dashed,  dotted  and  solid  lines  show  the  relationship  between  the 
postmortem  interval  and  the  concentration  of  potassium  ions  or  total  protein  in 
pleural  effusion  of  seawater  drowning,  freshwater  drowning  and  total  drowning 
group,  respectively.  K+  (a)  Seawater  drowning:  YK  =  28.09Xday  + 1.610  (n  =  24, 
adjusted  R-square  =  0.4531,  P  =  0.0002),  Total  drowning:  Yj<  =  31. 27Xday  +  1.482 
(n  =  33,  adjusted  R-square  =  0.2893,  P  =  0.0007)  TP  (b)  Seawater  drowning: 
Ytp  =  3.232Xday  +  0.2915  (n  =  20,  adjusted  R-square  =  0.3549,  P  =  0.0033),  Freshwa¬ 
ter  drowning:  YJP  =  4.822Xday  +  0.4761  (n  =  9,  adjusted  R-square  =  0.5752, 
P  =  0.0108),  Total  drowning:  YJP  =  4.098Xday  +  0.2648  (n  =  29,  adjusted  R- 
square  =  0.2717,  P  =  0.0022)  K+,  potassium  ions;  TP,  total  protein. 
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ing  cases  were  more  than  100  mEq/1  with  the  exception  of  chloride 
ions  in  Case  3  (90  mEq/1)  and  Case  4  (89  mEq/1).  As  shown  in  Table 
3,  the  postmortem  interval  showed  variation  between  seawater, 
freshwater  and  not  drowning  groups,  however,  this  variation  was 
not  significant  from  the  statistical  point  of  view.  Although  the  dif¬ 
ferent  interval  time  might  alter  the  results  of  the  electrolytes  anal¬ 
ysis,  the  concentrations  of  sodium  and  chloride  ions  in  seawater 
and  freshwater  drowning  cases  had  significant  differences  in  the 
entire  interval  of  our  cases  (Fig.  1). 

Although  the  mechanism  of  formation  of  pleural  effusion  is  not 
fully  understood,  these  differences  in  electrolytes  might  be  in¬ 
duced  by  osmotic  pressure  differences  and  the  amount  of  aspirated 
immersion  medium.  In  seawater  drowning,  hyperosmolar  water 
containing  high  concentrations  of  sodium  and  chloride  ions  proba¬ 
bly  leads  to  plasma  leaking  out  of  the  capillaries  present  in  the  lung 
interstitials,  whereas  in  freshwater  drowning,  hypoosmolar  water 
with  low  concentrations  of  sodium  and  chloride  ions  leaks  into 
the  capillaries  in  the  lung  interstitials  which  causes  hemodilution. 
Since  the  pleural  membranes  are  thin  and  exhibit  little  resistance 
to  the  movement  of  liquid  and  protein,  as  shown  for  the  peritoneal 
mesothelium,10  the  lung  interstitial  liquid  may  cross  leaky  pleural 
membranes  easily  and  move  into  the  pleural  space.11  These  mech¬ 
anisms  are  in  agreement  with  the  Byard  et  al.  suggestion  that  the 
sodium  levels  in  left  ventricular  blood  could  be  used  as  an  indicator 
of  hemodilution  in  freshwater  drowning.12 

The  effect  of  pleural  effusion  present  in  the  cadaver  before 
drowning  is  not  known.  However,  we  observed  significant  differ¬ 
ences  in  the  concentrations  of  sodium  and  chloride  ions  between 
seawater  drowning  and  no  drowning  groups,  and  the  concentra¬ 
tions  of  sodium  and  chloride  ions  were  under  165.5  and 
124  mEq/1,  respectively,  in  no  drowning  group.  Therefore,  if  the 
concentrations  of  sodium  and  chloride  ions  in  pleural  effusion  of 
the  cadaver  are  higher  than  170  mEq/1  and  125  mEq/1,  respectively, 
this  is  a  strong  indication  of  seawater  drowning. 

Yorulmaz  et  al.7  and  Zhu  et  al.5  reported  that  the  total  amount 
of  pleural  effusion  in  seawater  drowning  was  greater  than  that  in 
freshwater  drowning.  Although  similar  results  were  obtained  in 
our  study  (data  not  shown),  it  was  considered  that  the  volume  of 
pleural  effusion  could  be  influenced  by  the  amount  of  pleural  effu¬ 
sion  present  before  drowning.  Therefore,  our  approach  using  elec¬ 
trolyte  concentrations  in  pleural  effusion  provides  more  reliable 
evidence  for  determining  the  site  of  drowning. 

The  average  concentrations  of  potassium  ions  and  total  protein 
in  pleural  effusion  were  not  significantly  different  between  seawa¬ 
ter  drowning  and  freshwater  drowning.  However,  as  shown  in 
Fig.  2a  and  b,  there  was  the  correlation  between  the  postmortem 
interval  and  the  concentration  of  potassium  ions  and  total  protein 
in  pleural  effusion  in  seawater  drowning  and  total  drowning.  In 
freshwater  drowning,  the  concentration  of  potassium  ions  in  pleu¬ 
ral  effusion  did  not  correlate  with  the  postmortem  interval,  be¬ 
cause  in  Case  27,  the  concentration  of  potassium  ions  was 
extremely  high  (73  mEq/1).  This  high  concentration  of  potassium 
ions  in  Case  27  may  be  derived  from  the  original  pleural  effusion 
before  drowning.  The  concentration  of  total  protein  in  pleural  effu¬ 


sion  in  freshwater  drowning  was  also  correlated  with  the  postmor¬ 
tem  interval.  Accordingly,  the  concentration  of  potassium  ions  and 
the  total  protein  may  be  useful  for  estimating  the  postmortem 
interval  in  drowning  cases. 

In  conclusion,  our  results  obtained  by  the  analyses  of  electro¬ 
lytes  in  autopsy  cases  were  almost  the  same  as  those  in  our  previ¬ 
ous  animal  study.9  Further  investigations  on  the  detailed 
mechanism  of  the  formation  of  pleural  effusion  in  drowning  cases 
and  the  effects  of  the  original  pleural  effusion  are  needed.  How¬ 
ever,  the  quantitative  analysis  of  electrolytes  in  pleural  effusion 
is  useful  for  determining  whether  drowning  has  occurred  in  sea¬ 
water  or  freshwater.  The  concentrations  of  potassium  ions  and  to¬ 
tal  protein  in  pleural  effusion  can  be  used  for  rough  estimation  of 
the  postmortem  interval  in  drowning  cases. 
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